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(54) METHOD OF FORMING METAL-CONTAINING HARD CARBON FILM 

(5 7) Abstract 

PROBLEM TO BE SOLVED: To provide a method of forming a hard carbon film 
containing various metals without deteriorating the characteristic of the arc 
discharge ion plating method, i.e., the ability to perform uniform film deposition. 
SOLUTION: While supplying a carbon-containing gas containing carbon and an 
atmospheric gas composed essentially of rare gas, arc discharge is performed in 
the atmospheric gas, by which a metal target is evaporated and ionized and the 
ions of metallic atoms and the ions and radicals of carbon-containing molecules 
are fed to a material to be treated to which negative voltage is applied to carry 
out film deposition. At this time, lines of magnetic force, scattering forward or 
advancing in parallel in a direction nearly orthogonal to an evaporation surface S 
of a target 6, are formed by means of an annular electromagnet 9. By these lines 
of magnetic force, the atmospheric gas can be acceleratedly formed into plasmic 
state in the vicinity of the material to be treated, and film deposition is carried 
out while performing sputter etching by the ions of the rare gas. It is desirable to 
regulate the ratio of the flow rate of the rare gas to the flow rare of the 
carbon-containing gas to 1:9 to 9:1. Further, it is desirable that the bias voltage 
to be applied to the material to be treated at this time is regulated to -50 V to 
-500 V with respect to earth potential. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] supplying the controlled atmosphere which makes a principal component the carbon inclusion gas containing 
carbon, and rare gas Evaporate, ionize the metal which constitutes the cathode matter by performing arc discharge in 
the controlled atmosphere, and the ion of the aforementioned metal atom, and the ion and radical of a carbon inclusion 
molecule are supplied to the processed field which impressed negative bias voltage. It is the formation technique of the 
metal inclusion hard-carbon layer which forms the carbon film containing a metal. The formation technique of the metal 
inclusion hard-carbon layer which forms membranes, intersecting perpendicularly with the vaporization side of the 
cathode matter mostly, forming ahead vapor or the line of magnetic force which advances in parallel, promoting 
plasma-ization of a controlled atmosphere near near of the processed field by this line of magnetic force, and 
performing spatter etching by the rare gas ton. 

[Claim 2] The manufacture technique of a metal inclusion hard-carbon layer according to claim 1 that the rates of flow 
rate to the carbon inclusion gas of the rare gas in a controlled atmosphere are 1:9-9:1. 

[Claim 3] The manufacture technique of a metal inclusion hard-carbon layer according to claim 1 or 2 that the bias 
voltage impressed to the processed field is -50V — 500V to grounding potential. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the formation technique of a hard-carbon layer 

of having high abrasion resistance and a low friction sliding property. 

[0002] 

[Description of the Prior Art] By making a hard-carbon layer contain a metal, enhancement in the adhesion by 
reduction-izing and membrane-stress relief of coefficient of friction, electrical conductivity grant to a layer, etc. can be 
performed. A hard-carbon layer is formed by the plasma CVD method, the sputtering method, the ion-plating method, 
etc. In order to make a metal contain in a hard-carbon layer, in the above-mentioned technique, the technique of 
supplying the gas containing a metallic element to the system of reaction, and adding a metallic element in a layer, the 
technique of evaporating a metal with a spatter, an electron beam, etc. and adding a metallic element in a layer, the 
technique of adding a metallic element in a layer by carrying out the ion implantation of the metal, etc. are taken. 
[0003] However, in the plasma CVD method and the sputtering method, the uniform membrane formation to a 
complicated configuration object is difficult. That is, in a plasma CVD method, since what ** is also generating the 
plasma by the RF and impresses a RF to a substrate, in coating a cutting tool etc. with a metal inclusion hard-carbon 
layer, in order that a plasma may concentrate on the edge of a blade, in the edge of a blade and the other fraction, 
thicknesss come to differ, it even arises that the layer of the edge of a blade is not formed by the case according to 
the spatter effect, and there is a fault that uniform membrane formation is difficult. Moreover, a surroundings lump of 
the carbon atom by which the spatter was carried out about membrane formation by sputtering since the membrane 
formation pressure was very low becomes bad, and, also in the case of this technique, uniform membrane formation is 
difficult Moreover, also in the ion-plating method, in the RF impression type ion-plating method, there is the same 
problem as the describing [ above ] plasma CVD method, and uniform membrane formation is difficult. 
[0004] On the other hand, there is the arc ion-plating method as a kind of the ion-plating method. This technique is the 
technique of forming the layer which is made to produce arc discharge between the cathode matter (for it to also be 
called a target) and an anode plate, the cathode matter is evaporated and ionizes the atom of the cathode matter, 
acceleration-supplies the processed field by which the bias was carried out to the negative potential, deposits this ion 
on it in a controlled atmosphere (Ar gas), and contains the cathode matter. According to this arc ion-plating method, 
since the gas pressure at the time of membrane formation is comparatively high, a surroundings lump of an atom is 
good and, generally, can form membranes comparatively uniformly also to a complicated configuration object 
[0005] There is 2 technique as the technique of producing the hard-carbon layer containing a metal by the arc 
ion-plating method. It is the technique of one preparing respectively the target which consists of a metal which two 
sorts of targets, i.e., carbon, and a layer are made containing, and evaporating these simultaneously, and other one is 
the technique of adding the gas which contains a metallic element in the reactant gas ambient atmosphere, evaporating 
this using only carbon as a target 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the arc ion-plating method, if a hard-carbon layer is formed, 
using carbon as a target, in order that an arc spot may seldom move on a target, vaporization of carbon becomes 
uneven and there is a fault that a uniform hard-carbon layer is not obtained, moreover, the technique using two sorts 
of targets has the quick vapor rate of the metal matter — elapsing — membrane formation of a metal carbide 
metallurgy group — being superior — it becomes, and can say that it is hard to generate a hard-carbon layer, and 
there is a problem Moreover, since the modality of gas containing a metallic element is restricted, the technique of 
adding the gas containing a metallic element has the fault that only specific metallic elements, such as Sn and Zn, can 
be added. 

[0007] this invention was made in view of such a problem, and it offers the formation technique of a hard-carbon layer 
that various kinds of metals can be made to contain, without spoiling the characteristic feature of the arc ion-plating 
method for the ability to form membranes uniformly. 
[0008] 

[Means for Solving the Problem] The result to which this invention persons considered the resolution of the 
above-mentioned technical probrem zealously. The arc ion plating system which has the arc formula evaporation 
source by which the magnetic-field formation means has been arranged so that the front of the vaporization side of the 
cathode matter and/or a vaporization side may be surrounded, in order to generate the line of magnetic force which . 
crosses almost at right angles to the vaporization side of the cathode matter is used. It finds out that the hard-carbon 
layer containing the metal which is the cathode matter can be formed on the processed field by performing arc 
discharge in the controlled atmosphere containing the gas which contains carbon at least as a target using a metal to 
add in a carbon film, and rare gas. It came to complete this invention. 

[0009] Namely, the formation technique of the metal inclusion hard-carbon layer of this invention supplying the 
controlled atmosphere which makes a principal component the carbon inclusion gas containing carbon, and rare gas 
Evaporate, ionize the metal which constitutes the cathode matter by performing arc discharge in the controlled 
atmosphere, and the ion of the aforementioned metal atom, and the ion and radical of a carbon inclusion molecule are 
supplied to the processed field which impressed negative bias voltage. It is the formation technique of the metal 
inclusion hard-carbon layer which forms the carbon film containing a metal. It is the technique of forming membranes, 
intersecting perpendicularly with the vaporization side of the cathode matter mostly, forming ahead vapor or the line of 
magnetic force which advances in parallel, promoting plasma-ization of a controlled atmosphere near near of the 
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processed field by this line of magnetic force, and performing spatter etching by the rare gas ion. 

[0010] As for the rate [ as opposed to the carbon inclusion gas of rare gas in case of membrane formation ] (rare-gas 
flow rate:carbon inclusion quantity of gas flow) of flow rate, it is desirable that it is 1:9-9:1. Moreover, it is desirable that 
it is -50V — 500V to grounding potential as a voltage impressed to the processed field at this time. 
[0011] 

[Embodiments of the Invention] First, an example of the arc ion-plating (it may be written as AIP) equipment for 
carrying out this invention is briefly explained with reference to drawing 1 . This AIP equipment is equipped with the 
vacuum housing 1 which has the gas supply opening 12 which supplies the exhaust port 11 and controlled atmosphere 
which carry out evacuation, the arc formula evaporation source 2 which the target which constitutes cathode is 
evaporated and is ionized by arc discharge, the susceptor 3 which supports processed field W which is the coating 
object of a metal inclusion hard-carbon layer, and the bias power supply 4 which impresses negative bias voltage to 
processed field W through a susceptor 3 between this susceptor 3 and the aforementioned vacuum housing 1. In case 
of operation of this invention, the mixed gas of carbon inclusion gas, such as methane, and rare gas, such as an argon, 
is used as the aforementioned controlled atmosphere. 

[0012] The arc power 7 connected between the target 6 which constitutes cathode, and the aforementioned vacuum 
housing 1 which constitutes this target 6 and anode plate, vaporization side S of a target 6, and the aforementioned arc 
formula evaporation source 2 cross at right angles mostly, and is equipped with the magnet (permanent magnet) 8 as a 
magnetic-field formation means to form ahead vapor or the line of magnetic force which advances in parallel and is 
extended to near near of processed field W. It is good that flux density takes preferably more than for 30G more than 
10G (gauss) in the core of the processed field as flux density in near near of processed field W. In case of operation of 
this invention, a desired metal is used as a target 6. In addition, the angle of about 30 degrees or less is made to the 
orientation of a normal of a vaporization side as intersecting perpendicularly with a vaporization side mostly including 0 
degree, and a things meaning is carried out 

[0013] The magnet 8 as the aforementioned magnetic-field formation means has the annular gestalt, and as the 
enlarged display was carried out to drawing 2 , it is arranged so that vaporization side S of a target 6 may be 
surrounded. Like arc formula evaporation-source 2A shown not only in the aforementioned magnet 8 but in the drawing 
3 as a magnetic-field formation means, the electromagnet 9 equipped with a coil 10 and coil power (illustration ellipsis) 
is sufficient Moreover, as shown in drawing 3 , you may prepare magnetic arrangement so that the front (processed 
field side) of vaporization side S of a target 6 may be surrounded. In addition, although there is a thing equipped with 
the electromagnet 109 for centralizing arc discharge on a target 106 also in the arc formula evaporation source 102 of 
the conventional AIP equipment as shown in drawing 4 , the electromagnet 109 is located in the background of a target 
106, for this reason, the orientation of line of magnetic force has a component parallel to a target front face near the 
target vaporization side, and line of magnetic force is [ to / near the processed field W ] inelastic. 
[0014] The difference between the arc formula evaporation source of AIP equipment used by this invention and the 
magnetic field structure with that conventional leads to the difference in how depending on which the plasma of a 
controlled atmosphere spreads. That is, by the conventional evaporation source 102, although a part of electronic e 
generated by electric discharge exercises so that it may coil around line of magnetic force, this electron collides with a 
controlled-atmosphere molecule and gas is plasma-ized as shown in drawing 3 , since line of magnetic force is 
restricted near the target, the plasma of gas also has the highest density near the target, and the plasma density of gas 
is quite low near near of processed field W. on the other hand, in the evaporation source 2 used by this invention, since 
line of magnetic force is extended to processed field W, the plasma density of the gas in near near of processed field W 
is markedly boiled compared with the conventional evaporation source, and is high 

[0015] The difference in the status of this plasma affects the membrane formation behavior of the metal which 
evaporated [ 1 st ] from the target by arc discharge first Although it carries out, introducing into a vacuum housing 1 
the controlled atmosphere which makes a principal component carbon inclusion gas and rare gas when evaporating the 
metal which is a target by arc discharge Since the plasma density of the gas near the processed field W is high, namely, 
it exists mostly in the evaporation source 2 used by this invention compared with the case where the plus ion of a 
rare-gas element uses the conventional evaporation source 102 near the processed field W, If a metal is formed, 
impressing bias voltage to processed field W, a spatter etching operation of the layer by the ion of a rare-gas element 
will work, and the membrane formation speed of a metal membrane will become extremely slow. On the other hand, in 
the conventional evaporation source 102, since there is little rare-gas element ion near the processed field, even if it 
enlarges bias voltage impressed to the processed field, there is almost no spatter etching operation by rare-gas 
element ion, and change is hardly looked at by the membrane formation speed. 

[0016] When arc discharge is carried out, introducing the controlled atmosphere which contains [ 2nd ] carbon inclusion 
gas, such as methane, the precipitation speed of a hard-carbon layer is affected. That is, in the evaporation source 2 
used by this invention, as well as the case of above-mentioned rare gas since plasma-ization of carbon inclusion gas 
happens near the processed field W, compared with the time of the precursor which generates a hard-carbon layer 
generating mostly, and the membrane formation speed of a hard-carbon layer using the conventional evaporation 
source, it becomes quite quick 

[0017] The hard-carbon layer of metal inclusion becomes generable, without spoiling the uniform membrane formation 
nature of an arc ion plating, if the property of the arc evaporation source 2 used for operation of the above-mentioned 
this invention is used. That is, as ****** gas, if arc discharge of the metal target 6 is carried out between anode plates 
(the above-mentioned AIP equipment vacuum housing 1), introducing the mixed gas of rare gas and carbon inclusion 
gas in a vacuum housing while the suitable bias voltage for processed field W is impressed, acceleration supply of the 
ion of a metal atom, and the ion and radical of a carbon inclusion molecule from carbon inclusion gas which evaporated 
from the target 6 will be carried out at processed field W, and it will separate. In this case, a precipitation of carbon 
becomes superior relatively seemingly for the property that the spatter yield according [ metaled one ] to a rare gas ion 
compared with the characteristic feature and carbon that a carbonaceous precipitation speed is large is large, and the 
hard-carbon layer containing the metallic element can form easily. In addition, in the case where the arc formula 
evaporation source 102 of **** is used, a precipitation of carbon is slow to the top where a precipitation of a metal is 
quick, and since the spatter effect by rare gas does not serve as a hard-carbon layer at a parvus sake but membrane 
formation of a metal carbide metallurgy group becomes superior, a desired metal inclusion hard-carbon layer cannot be 
formed. 

[0018] As for the proportion (QR:QC) to the carbon inclusion quantity of gas flow (QC) of a rare-gas flow rate (QR) in 
the controlled atmosphere used in this invention, it is desirable that it is from 1:9 to 9:1. The spatter effect by rare gas 
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when the spatter effect of the metal by rare gas if QR/QC is lower than one ninth decreases, separating of metal 
metallurgy group carbide becomes superior, and only too little [ a carbonaceous precipitation ] layer is generated but it 
is larger than QR/QC9 on the other hand becomes excessive, a carbonaceous precipitation speed also becomes small, 
the spatter of a metal and the carbon is carried out. and membrane formation becomes difficult, and it is ceased to 
form membranes, when remarkable. For this reason, the lower limit of QR/QC is depended 1/9 preferably, it is 
preferably referred to as one third, and, on the other hand, it is preferably good 9 and to set the upper limit to 7 more 
preferably. In addition, a controlled atmosphere may not make a principal component rare gas and carbon inclusion gas, 
may contain other gas in the domain which does not affect membraneous quality, and especially membraneous quality 
can be raised or it can contain the gas containing a component which is adjusted. For example, N2 gas and H2 gas may 
add an amount suitably, in order to adjust a membranous degree of hardness. 

[0019] Moreover, as for the bias voltage BE impressed to the processed field, -50V — 500V are desirable. In BE>-50V, 
the spatter effect of the metal by rare-gas element ion becomes small, and membrane formation of a metal carbide 
metallurgy group becomes superior, and does not turn into a hard-carbon layer. On the other hand, in ** and 
BE<-500V, the spatter effect by rare-gas element ion becomes large too much, and elevation of the degree of 
processed temperature will happen, a hard-carbon layer will deteriorate, and it will become a soot-like layer, for this 
reason, bias voltage — desirable -50V — 500V — it is more preferably good -70V — 450V and to be referred to as 
-1 00V to -400V still preferably 

[0020] As rare gas used by this invention, Ar, Kr, Xe, and Rn are desirable. The spatter effect as opposed to [ in mass / 
Ne / helium and ] a metal to a parvus sake is from the parvus. Moreover, as carbon inclusion gas, alcohol, such as 
aromatic hydrocarbons, such as unsaturated hydrocarbons, such as saturated hydrocarbons, such as methane, ethane, 
a propane, and butane, ethylene, acetylene, a propylene, and a butylene, and benzene, a methanol, and ethanol, etc. can 
be used. Moreover, if the metal target used in this invention is a target generally used by the arc ion plating, it is usable 
satisfactory and an alloy target can also be used for it 

[0021] Since the metal is used for the target, there is no bias of an arc spot, and since the processed field is **ed and 
membranes are formed in the plasma produced by the magnetic field extended to near near of the electron and the 
processed field which were generated by arc discharge, the hard-carbon layer of uniform thickness can be made to 
separate in this invention. 

[0022] Moreover, in order to intersect perpendicularly with the vaporization side of the cathode matter mostly and to 
form ahead vapor or the line of magnetic force which advances in parallel in this invention, there is the characteristic 
feature of moving about quickly small, the arc spot is equipped also with the characteristic feature of being hard to 
come out of the macro particle called fault of an arc ion plating, and, for this reason, the surface roughness is also 
small good compared with the layer which formed membranes by the conventional evaporation source. 
[0023] Hereafter, although an example explains this invention still concretely, this invention is not interpreted in 
limitation according to such an example. 
[0024] 

[Example] Flux density in the core of a substrate (processed field) was set to 40G using AIP equipment of the drawing 
1 equipped with the arc formula evaporation source 2 shown in [example 1] view 2 , using Ti as a target After carrying 
out evacuation of the vacuum housing, 250sccms and the argon were poured for methane 250 seems, the pressure in a 
vacuum housing was set to 0.02torrs, as the arc current became the target with 60A, arc discharge was performed for 
20 minutes, and the hard-carbon layer was formed on the substrate. At this time, SKD1 1 material of the superhard chip 
of about 1.2cm angle and 10cm angle was used as a substrate. Moreover, bias voltage impressed to a substrate was set 
to -200V. About the obtained carbon film, while a thickness and Vickers hardness were measured (25g of loads), Ti in a 
layer was analyzed by EPMA. 

[0025] even if the thickness of a carbon film measures which fraction of a substrate — 2.0 micrometers **0.2 
micrometers uniform — a degree of hardness — Hv 3000**200 and **** — it was a uniform high degree of hardness 
moreover, the inside of a carbon film from EPMA analysis — Ti — about 5 atsX — containing was checked 
[0026] Moreover, when trie layer generated when membranes were formed on the same conditions using the 
conventional arc formula evaporation source 102 shown in drawing 4 for the comparison shows metallic luster and 
analyzed composition by EPMA, Ti55at%, it is C45atS, it is checked that TiC is generating, and it was not able to be 
called hard-carbon layer any longer. 

[0027] furthermore, the parallel monotonous type RF plasma CVD system by which the electrode plate has been 
arranged in parallel as a comparison — using — methane 100 — seem and TiC14 performed 10sccms and the 
hard-carbon layer was formed for gas ** for 40 minutes on condition that 0.02torrs and RF output 200W The substrate 
installed these in the electrode plate by the side of RF impression using SKD1 1 material of the above, the superhard 
chip of same about 1.2cm angle, and 10cm angle. 

[0028] the edge fraction of a substrate when the thickness of the carbon film formed by the substrate in the same way 
as the above was measured — a layer — thin — 0.5 micrometers it is — a thing — receiving — the thickness of a 
substrate center section — about 2 micrometers It has become and variation was looked at by the thickness. 
[0029] Flux density in the core of a substrate was set to 30G using AIP equipment of the drawing 1 equipped with the 
arc formula evaporation source 2 shown in [example 2] view 2 , using Cu as a target After carrying out evacuation of 
the vacuum housing, the bias voltage of 1 300V was impressed to the substrate, having passed a krypton and ethane 
and having used the pressure in a vacuum housing as 0.02torrs, as the arc current became the target with 60A, arc 
discharge was performed for 20 minutes, and the hard-carbon layer was formed on the substrate. At this time, the 
superhard chip of about 1.2cm angle was used as a substrate. Membranes were formed by having changed the flow rate 
(krypton flow rate:ethane flow rate) to the ethane of a krypton to 10:1 - 1:10, and measurement (25g of loads) of 
Vickers hardness and Cu in the layer by EPMA were analyzed about the obtained layer. The result is shown in Table 1. 
[0030] 
[Table 1] 
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[0031] From this table, the spatter according [ a krypton flow rate ] to krypton ion was effective too much, and did not 
form sample No.1 of excess (a krypton / ethane flow rate 10/1). On the other hand, since too little [ sample No.1 1 / 
too little / a krypton flow rate / (a krypton / ethane flow rate 1/10) / the spatter by krypton ion ], Cu in a layer 
becomes excessive and its fait of a degree of hardness is remarkable. 

[0032] Flux density in the core of a substrate was set to 20G using AIP equipment of the drawing 1 equipped with arc 
formula evaporation-source 2A shown in [example 3] view 3 , using Cr as a target. After carrying out evacuation of the 
vacuum housing, 250sccms and the argon were poured for methane 250 seems, the pressure in a vacuum housing was 
set to 0.04torrs, as the arc current became the target with 60A, arc discharge was performed for 20 minutes, and the 
hard-carbon layer was formed on the substrate. At this time, the superhard chip of about 1.2cm angle was used as a 
substrate. Moreover, the bias voltage impressed to a substrate formed membranes by having changed to -10V — 600V, 
and analyzed measurement (25g of loads) of Vickers hardness, and Cr in the layer by EPMA about the obtained layer. 
The result is shown in Table 2. 
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[0034] Since too little [ the spatter effect according / bias voltage / to argon gas ], a precipitation of Cr becomes 
superior and a degree-of-hardness fall of a carbon film is more remarkable than this table at sample No.21 of -10. 
Moreover, in sample No. 29 which set bias voltage to -600V, the temperature of a substrate did not exceed 500 degrees 
C, and membraneous quality was not able to become soot-like and was not able to form a carbon film. On the other 
hand, by sample No.22-28 of -50 — 500, the 1000 or more-Hv hard-carbon layer was obtained [ bias voltage ] for 
Vickers hardness. 
[0035] 

[Effect of the Invention] According to this invention, in order to use a metal as a target, there is no bias of an arc spot, 
a metal can be quickly evaporated from the whole target front face, and ionization and radical-izing of a carbon 
inclusion molecule can be promoted from carbon inclusion gas by the line of magnetic force moreover extended even 
near near of the processed field, suppressing a precipitation of a metal according to the spatter effect by the rare gas 
ion. For this reason, the hard-carbon layer containing various metals can be easily formed in the front face of the 
processed field. 
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^^»i-58t*Jt**Sl : 9-9 : 1 -C*>5BI** 1 IE 

j*Sfiic*tu-c- 5ov- — so o vxhzm#*M i x 

[0 0 0 1] 
[0 0 0 2] 

[ooo3] ba>u /7XvcvDfe ^^y^y^ 
So i-ftfc>*>* 7 7X-7CVDr£l:^>tn fpj*xt>:7 0 

0iK*&hZ> o ^^^^ y >^t^J:5*l!S^BIIL 



[0004] — ^ "r*<>ym<D— mt l 

mmLxmmmK&^tsm*f£m+zi7m~ehZo 

[0 0 0 5] T-^^t^i/^r^^taoT, 
[0 0 0 6] 

^t^u-T^ ^^i£t^t>r, ^-y^h^LTR 
[0 0 0 7] *»Wttd»d»5IBW^«****t*:to 

[0 0 0 8] 

iaBS:**tSfc«)©fa] ±IEHM 

$ tb/c r - ^ A^isiR *-r s r - ^ -r a- 
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[0009] *&w<D£m^mimmmmco 

^#B*#*<0^7X^fl:£ffiMU *^^>r^->i-J: 
[0 0 10] riMtKlRL-CWu ZrtfxcDlTim^mtfxiz 

1 : 9-9 : 1 *Cfe5 w t^g^ tl\ ^COi: £ 

r- 5 o v — 5 o ov^5:H s H Lv\ 

[0 0 1 1 ] 

3 e ) |6B©-«SrBIlS:#fiBLrM*^ttMi-5 0 c 
cda I Pg&i, 5 SMS P 1 1 *5.fctf#H* 

T-^tkm^x^xmrn^m^-r^^-yy b^m 
urn, wiE#H«^i:ur. **v»<D«*i## 

[0 0 12] *HET — ^^*«2H, »fliS:«^i--5 
h 6 co^MS (;:^3:EXLTffi#i;:*R4^ L¥ 

urti, K«a*otti^«^*3v>'C«3K!B««si og 

V\ **W^*ltl:l*LTIi, b 6 t LT^fM 

tt. J8«BBOfti»*lRl(c#L'C0 0 «r£*, 3 0° fig 

[0 0 13] «HEBS»«**«fcLTO«^8*i, 
(DJtmZ&LXteV , i2i:te^^Lt«t 9 til, 

IKffMfitLril ltlEB58l:»fef, 0 3 1^ 

99 <EI^«K) tarl^l^9TfcJ:V\ tt 



scofltj^ (ifcft&ilttlM) &ft»;Ht?J: SMRitTi J: 
ir\ 4*5, 0 4(:^tJ: b ic N I^AlPgl^T- 
^itSKISaRi 0 2Ki*5^TfcT— ^tt««r*— b l 
0 6±l:*t>^5fc«)©tlK5i 0 9%m±tzt>(Dfc 

hz>&, m&^i o 9 b i o 6 <om%\uzm. 
[0014] *^tffifflt5A i pssb^t-^^ss 

(D7 5 7 X-^oj£# 9 ^(7)ig^(:o^^^ 0 +4;fc>*^ H 
^irfij^U tf^^X-^b-f 5^, tif^o^MMi 

12 m K*i»*saEttaflcw*-rffW5*:«), a^a 

[0 0 15] c<^7 p 7X-7^i©S^li> *-fSBi 
H*il:CT*r4ta. T-^«tmicJ:i9 -y* 
%±f&ftk1-Z&m&lf*%n&®& H:*AU^P) 
ifi«-eo^o^^x-^?6ffidsffit\ i-4^*>»«t3i«c 

0 2SrfflV^»-&^tb-'<-C#<i^ti-5fc«), SALS* 
Wlc^>f T*SIE£EPflD L4# tj&JROfigffltSrff 3 t , 

i^ffl if 4 < filWaKliift if KffcH* b tt4v \ 
[0016] g2C, ^^^*<og4*^*r^Sr$tf» 

aw«*Btcowaia«^»s:^^s. +4^t>. ** 
0j-ettft5ins2m ±aiO#^o»^i:i^« 
ic, JS^m*wco5m#r^^^^^oX7X^ft:^jg 

n^mm<Dmnm^m^(om^m^m^tik^[z\t^ 

[ooi7] ±E<o*«So|ttfi(c:ttffl-*-sr-^«5« 
S2 0ttKSrfi|ffli-ixH > r-^-f^y/^-f^y/ 
©*&-*IBHt Sr«4 9 c 4: 4 < , feJR$«-<o«KK*8l 
3^5feJ«^JIBi:4a. i"4^*>. 2BH«^tLT, *^ 
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fcfc&JR^-y* h6£«ffi (±EAIP8R^«2 

^TtfffitS, -(DIB, ^cDtffffiig^^:#v>i:^9 
4*» £ «*l£ifc^£«co*#*;tf «t 5 * s> 

[0018] *«M^*3v^rteffli-s#H«^^^i3it 
54fr;tf;*«c* (QR) ^IR^^^SSa (QC) left 
"♦"Sit* (QR : QC) d: N 1 : 9#><b 9 : 1 (DfflXh 
5Ci^U\ QR/QC^l/9 J; Dtt^4:*;tf 

QR/QC(OTK^t<lii/9, J;9»*L<tt 
1/3 £U -*-t<0±PfiSr#^L<Ji9, J:9#£L 

[0019] ««i_a«c^Hi*n-t"S^-f r-x«ffiB 

EI1-5 0V" — 5 0 0V#iiLV\ BE>-50V 
««K»«fc464v\ 0, BE<-5 00Vt 

EfeffiL<U-5 0V 5 0 0V, J;»;»£L<te 

-7 0V- 4 5 0V, £lbtC#£ L< fi- 1 O 0 V^ 

b-4 0 0 V b-tZ><Dfr£\,\ 

[0 0 2 0] LTI1 A 

r, Kr, Xe N RnA5S*LV\ He. N e ttK*d* 



[0 0 2 l J *«M^*5t>rtt, ^-ys/M^JRSrffl 
[0 0 2 2] £fc. *«MlJl*5t>Ttt, 

[0 0 2 3] £tT, jt««^J:oT*»WS:*€>^A* 
[0 0 2 4] 

«x.tHl©AIP8IISrlv\ ^sx hfcL-CT i 

40GtLf: o SG£*»«:K3gt*« L*:« N >*^£2 
5 0 s c c m, TyU^'^^r 250sccm?^L. 
SrtcoEE^jS: 0. 02torrHT, Y\z.T 
—?mm*6 0At45J;9l:LTr^»l§:2 o# 
Pflffv\ StR±J-KKjK*fflt^>^S:fTo*: 0 lot 

SfitLtfil. 2cmfi«f^M0cm 
£<£>SKDi iW^rffiv>7to StRMEMO-rS'M 
T^m/Eti- 2 0 0 V^ L/Co t#fcn^jK*l«J-o^ 

Sfckfc^ EPMAiaDl^^TitDM^To 

[0025] mmm<Dmm\±m&<Db'<D&ft*®m\,x 

t 2. 0 Aim ±0. 2/im ti^-T^»;. HStH v 3 
0 0 0 ± 2 0 0 t ii^-^^M-e^o/Co £7t. E 

[0 0 2 6] */c, tfct5[Ofc«), ^4i^i-'f**OT — 
^^CUKSIRl 0 2^fflv^T^5]^O^^^T^BI^^To^ir 
±ritLfcWifkJ»*jR«:*LT*5i9, E P M AT 
T i 5 5 a t %, C 4 5 a t % 

t4ori30, t i c#£rtLT^ a Six, 
fc ti-^aa^ * W t s ^ * v > t> co ^ 4 o x v ^ 0 

[0027] set-. JtttfcL-c, esffi^vtT^aaa 



(5) 



2001-172763 



$ fbit w-nw-wm<o n m » •? y c v d mm & m ^ 

J* lOOsccm, TiCl4£l0sc 

cm, #*JE£0. 0 2 t o r r, ffifflftttJ* 2 0 0W 

^bW\^<Om 1.2c m^CDi^f -y/t 10c m^co 
SKD1 l#£rfflv\ rn€>*BlfflStPn»DfMO«ffiS^ 
Kttt. 

[0 0 2 8] ±IEtl^«(OB«lc-c, StE(-*Bt*ixfc 

o. 5^t^«u ste^*aio 
[oo29] [ni£« 2) B2 i^i-r-^ aasggs* 2 



u S:fflv\ *ft©ip^«lw*5ltSSS**««: 3 0 g t L 

£86 U JE^S«rt<Z>JE2>£0. 0 2 t o r r t LT, 
StSiC— 3 0 0 VO^T*mJ££PP*l]U ^s/h 

£10:1-1:1 O^-C^^Tfifefig^ff 

2 5g) WE PMACi 5I*OC u ©M^ff o 
tz 0 <£<£>*§*«:* 1 i^i- 0 

[0 0 3 0] 

1*1) 



No. 


H7 # yj/xrj 
mmtt 


e v * 

kg/mm 1 


C u ffl/S 
at* 


1 


10/1 






2 


9 / 1 


2 6 5 0 


5 


3 


7 / 1 


2 9 0 0 


3 


4 


4 / 1 


3 0 0 0 


4 


5 


2 / 1 


3 12 0 


3 


6 


1 / 1 


3 0 8 0 


4 


7 


1 / 2 


2 9 0 0 


4 


8 


1 / 4 


2 6 8 0 


1 0 


9 


1 / 7 


2 4 0 0 


1 5 


1 0 


1/9 


15 0 0 


3 0 


1 1 


1/10 


8 5 0 


4 5 



[0031] mmx * y r h ^«Efi^i@^ (? 
h>/=**>mmtt i o/D cok»no. 

Scftlt 1/1 o) <D&mo. nil ^^hwt^ 

[0 0 3 2] CXtkM3] H3f^+T-^*IK«aE2 
A&ffi^tzm l OA I PK«Srfflt\ ^-^yhtU 

L/C. XaS»*KS»«Lttt, ^^2 50 sc 



c m x 2 5 0 s c c mffitL. S^^SSP'WHE 

^j^rO. 0 4 t o r r t L*t\ * — Y\Z.T — 9WH 
&6 o At 4 -5 J: 9(:LT7-^M^2 0^IRfrv\ 

■C. »1- 2cm^^If -y^fflV^o Stg 

i2ifinipi-s^>rr^*Ett- iov — 6 o ov^^f 

<K>m& Wl2 5g) WEPMAiaSltWCr© 

[0 0 3 3] 
[$2] 
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**** T I 

No. 


A* Y7X*a 
V 


kg/mm 3 


C r tifit 
at% 


2 1 


- 1 0 


6 0 0 


7 1 


2 2 


- 5 0 


15 0 0 


3 0 


2 3 


- 7 0 


2 0 0 0 


1 2 


2 4 


- 1 0 0 


2 8 0 0 


4 


2 5 


- 2 0 0 


3 0 0 0 


4 


2 6 


- 3 0 0 


3 0 0 0 


5 


2 7 


- 4 0 0 


2 6 0 0 


4 


2 8 


- 5 0 0 


15 0 0 


4 


2 9 


- 6 0 0 


1 1 tttf>fc«>;II£**E 





[0 0 3 4] P^<£ 9 , T^WEd*- 1 O^KfSfN 
o. 2 1TU T/\>dr^*fx\z£&X'<y*toMk&T&'J> 

TjWL^. /<^fT;*®J££- 6 0 0 V<*r Lfcf* 

£fNo. 2 Sffi©taffidS5 0 oncSraxi, JS«# 

— 5 0 5 0 0<D§££fNo. 2 2 

-2 8X11 t'^^-^JM^Hv 1 0 0 O^iOflf 

[0 0 3 5] 

l ^ t «Maflc^iS«f+iS^ * 5 as*** «t o r 



HUH ^^^fi«^t5T-Mty^i/-r 
[EI 2] *56W^»l-tti-5T-^*aR36»<oSffl5l£ 

[0 3] *»w^iift{c*-r5ft6^r— 

[si 4] ts*or-^*2Rigaso*a5a:^:»rffiia-c*> 

[^•offci^] 

6 h mmvoW) 

9 mm* (atjfMfS) 



[Hi] [12] 




